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(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a hot di p galvannealed s teel sheet excellent in 
formability and efficiently producible at a low cost and to provide a method for producing it. 
SOLUTION: The hot dip galvannealed steel sheet has a surface coating film contg. zinc oxide 
in which the content of Zn is 100 to 1 ,000 mg/m2 and one or > two kinds selected from among 
Fe, Co and Ni of 10 to 1,000 mg/m2 in total on a hot dip galvannealed layer contg., by weight, 
7 to 15% Fe, and on whose surface the average crystal grain size is <5 ^m surface. The steel 
sheet can be produced by applying the plating on steel by using a hot dip galvanizing bath in 
which the effective Al concn. is 0.080 to 0.20%, controlling the plating coating weight, 
thereafter heating it at a temp, of 490 to 550°C at a heating rate of 20 to 70°C/sec, executing 
alloying treatment and providing the surface with a surface film contg. one or more kinds 
selected from among Fe, Co and Ni and zinc oxide. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To produce a hot dip galvannealed steel sheet 
excellent in formability and efficiently producible at a low cost and to 
provide a method for producing it. 

SOLUTION: The hot dip galvannealed steel sheet has a surface coating film 
contg. zinc oxide in which the content of Zn is 100 to 1,000 mg/m2 and one or 
≥ two kinds selected from among Fe, Co and Ni of 10 to 1,000 mg/m2 in total 
on a hot dip galvannealed layer contg., by weight, 7 to 15% Fe, and on whose 
surface the average crystal grain size is ≤5 μm surface. The steel sheet 
can be produced by applying the plating on steel by using a hot dip galvanizing 
bath in which the effective Al concn. is 0.080 to 0.20%, controlling the 
plating coating weight, thereafter heating it at a temp, of 490 to 550°C at 
a heating rate of 20 to 70°C/sec, executing alloying treatment and 
providing the surface with a surface film contg. one or more kinds selected 
from among Fe, Co and Ni and zinc oxide. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 . In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the alloying hot-dip-zincing layer top whose surface diameter of average crystal grain Fe is 
contained seven to 15% of the weight, and is 5 micrometers or less - the amount of Zn - 100 - 1000 
mg/m2 it is - a zinc oxide, one sort in Fe, Co, and nickel, or two sorts or more ~ the sum total - 10 - 
1000 mg/m2 Alloying hot-dip zinc-coated carbon steel sheet excellent in the moldability characterized 
by having the surface coat to contain. 

[Claim 2] It galvanizes using the melting zinc plating bath whose effective aluminum concentration is 
0.080 - 0.20 % of the weight to a base material steel plate. After adjusting plating coating weight, 
heating at 490 degrees C - 550 degrees C and carrying out alloying processing with the heating rate of 
20-70 degrees C/second, maintenance in anodic oxidation and/or oxidizing atmosphere gas ~ the 
amount of Zn - 100 - 1000 mg/m2 it is ~ with the processing to which a plating layer front face is made 
to be equipped with a zinc oxide The solution containing one sort or two sorts or more of metal ions of 
Fe, Co, and the nickel is used, and it is this metallic element in total 10 - 1000 mg/m2 The manufacture 
approach of an alloying hot-dip zinc-coated carbon steel sheet excellent in the moldability according to 
claim 1 characterized by performing processing made to adhere. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the good alloying hot-dip zinc-coated carbon steel sheet 
and its manufacture approach of plating-proof detachability at the suitable time of processing for the 
application to which press working of sheet metal, such as an automobile Body Manufacturing Division 
article, is performed. 

[0002] . 
[Description of the Prior Art] Although the hot-dip zinc-coated carbon steel sheet is used in large 
quantities in household electric appliances, building materials, and the industrial field of an automobile 
in recent years, the alloying hot-dip zinc-coated carbon steel sheet in which economical efficiency, a 
rust-proofing function, and the engine performance after paint are especially excellent is used widely. 
An alloying hot-dip zinc-coated carbon steel sheet heats a hot-dip zinc-coated carbon steel sheet to 
alloying processing temperature, carries out the Fe-Zn alloying of the Zn plating layer, and is 
manufactured. Plating layer Consisting of a Fe-Zn intermetallic compound, Fe content of the average is 
usually 8 - 12% of the weight. 

[0003] It is supposed that it is inferior of the press-forming nature (it is only hereafter descnbed also as a 
"moldability") of an alloying hot-dip zinc-coated carbon steel sheet as compared with the steel plate 
which does not have a plating layer. It is considered as the cause that, as for it, a surface plating layer 
bars deformation of the steel plate at the time of shaping. Moreover, that the sliding nature on the front 
face of plating will worsen, and the inflow resistance to the dice hole of a steel plate will increase at the 
time of press working of sheet metal if powdering (defect phenomenon in which a plating layer 
exfoliates in the shape of powder), and a flaking (defect phenomenon in which a plating layer becomes a 
thin film integrated circuit, and exfoliates on the occasion of press working of sheet metal) occur also 
becomes the cause that a moldability is spoiled. 

[0004] By preparing two or more Fe system alloy electroplating layers on a zinc system plating steel 
plate especially an alloying hot-dip zinc-coated carbon steel sheet, and changing surface physical 
properties to JP,4-202786,A and JP,4-202787,A, the crack initiation of the plating layer which is easy to 
produce at the time of shaping is prevented, and the technique of raising electropainting nature and a 
moldability is indicated. However, with the technique currently indicated here, since it was necessary to 
prepare a multilayer electroplating layer on a hot-dipping layer, the manufacturing cost became high and 
there was a problem that productivity was also checked. 

[0005] The zinc system plating steel plate excellent in the press-forming nature which has the oxide film 
of a Fe-nickel-0 system on a front face on a plating layer, weldability, an adhesive property, and 
chemical conversion nature is indicated by IP,8-158066,A. This approach is the above-mentioned 
metallic element 10- 1500 mg/m2 A plating layer front face is equipped with the coat which consists of 
oxides which contain oxygen 0.5 to 30%. However, in the steel plate currently indicated here, the 
improvement effect of a moldability is not enough. 
[0006] 
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[Problem(s) to be Solved by the Invention] It is effective to perform metal plating thick on the front face 
of a plating layer for improving the moldability of an alloying hot-dip zinc-coated carbon steel sheet just 
like a cold rolled steel plate. According to research of this invention persons, the coating weight ot a 
metal plating coat is 2000 mg/m2. If it is above, a moldability can be raised to the level almost near a 
cold rolled steel plate. The coating weight of a metal plating coat is 2000 mg/m2. If it decreases, a 
moldability improvement effect will decrease, and it is 1 00 mg/m2. In the following, it became clear that 
it fell even to the alloying hot-dip zinc-coated carbon steel sheet which effectiveness is lost and is hardly 
equipped with a metal plating coat, and equivalent level. However, 2000 mg/m2 It is not easy to perform 
the above thick metal plating often [ productivity ] and economically. 

[0007] The purpose of this invention is to offer the alloying hot-dip zinc-coated carbon steel sheet 
excellent in the moldability which solves the above-mentioned trouble and can be efficiently 
manufactured by low cost, and its manufacture approach. 

[Means for Solving the Problem] this invention persons acquired the following knowledge, as a result of 
repeating research wholeheartedly about the approach of improving the sliding nature of a plating layer 
front face, paying attention to sliding nature with the metal mold in the plating layer front face at the 
time of carrying out press forming having influenced greatly, in order to have improved the moldability 
of an alloying hot-dip zinc-coated carbon steel sheet just like base material steel plates (for example, a 
cold rolled steel plate, a hot rolled steel plate, etc.). [ finishing / annealing ] 

[0009] a Sliding nature is improved because the shape of surface type of alloying hot dip zincing sets 
the diameter of average crystal grain of the Fe-Zn crystal grain of a plating layer front face to 5 
micrometers or less. It is guessed because the lubrication effectiveness to the lubricating oil used at the 
time of a press is improved according to an operation of a plating layer front face becoming smooth 
because the crystal grain of a plating layer front face becomes detailed, and contact to the plating layer 
front face at the time of press working of sheet metal being carried out and metal mold becoming close. 
[0010] b In order to raise the sliding nature of a plating layer, it is good to make the front face into the 
surface state in which the holdout of a lubricating oil is excellent. In an alloying hot-dip-zincing layer 
front face what equips a plating layer front face with a zinc oxide is suitable. It is thought that the zinc 
oxide has'oleophilic and has the operation which holds a lubricating oil to the interface of a steel plate 
and metal mold at the time of a press. It follows on an alloying hot-dip-zincing layer front face at the 
heating at high temperature at the time of alloying processing, and, generally coating weight is 20 - 60 
mg/m2 as a Zn content. The oxide film exists spontaneously. However, for raising sliding nature, it is 
insufficient in the above-mentioned coating weight, and a thing equipped with much more zinc oxides is 

foOU] c A moldability is spoiled, while the sliding friction between both becoming large and becoming 
easy to generate the flaking of a plating layer, when a plating layer is elasticity relatively to metal mold. 
[00 1 2] What equipped the plating layer front face with the hard metal in addition to the above- 
mentioned zinc oxide has the still better sliding nature of a plating layer. The coating weight of this 
metal is comparatively little, and is good, and its thing in the condition that the metal and the zinc oxide 
lived together on the maximum front face (mixture) is good. As a metal, one sort in the ease of an 
activity to Fe, Co, and nickel or two sorts or more are suitable. 

[0013] d When a plating layer is processed by approaches, such as electroplating by the solution 
containing a metal ion, and the permutation galvanizing method, a metallic element has the inclination 
for electrical conductivity to be small, not to deposit on the oxide film which the metal ion dissolution 
cannot carry out easily, but to deposit into the defective parts (the pinhole produced in an oxide film, 
thin part of an oxide film, etc.) of a zinc-oxide coat. For this reason, if it processes by the above- 
mentioned approach, the coat with which the metal and the zinc oxide coexisted (mixture) can be made 
to have. The plating steel plate which combines moderate sliding nature and press-forming nature by this 
can be obtained. 

[0014] It is completed based on these newly acquired knowledge, and this invention has the summary in 
the alloying hot-dip zinc-coated carbon steel sheet of a publication, or its manufacture approach given in 
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(2) following (1). „ A . e * i • u • 

[0015] (1) the alloying hot-dip-zincing layer top whose surface diameter of average crystal grain t e is \ 
contained seven to 15% of the weight, and is 5 micrometers or less -- the amount of Zn - 100 - 1000 \ 
mg/m2 it is - a zinc oxide, one sort in Fe, Co, and nickel, or two sorts or more - the sum total - 10 - \ 
1000 mg/m2 Alloying hot-dip zinc-coated carbon steel sheet excellent in the moldabihty characterized J 
by having the surface coat to contain. ^ 
[0016] (2) Galvanize using the melting zinc plating bath whose effective aluminum concentration is 
0.080 - 0.20 % of the weight to a base material steel plate. After adjusting plating coating weight, 
heating at 490 degrees C - 550 degrees C and carrying out alloying processing with the heating rate of 
20-70 degrees C/second, maintenance in anodic oxidation and/or oxidizing atmosphere gas - the 
amount of Zn - 100 - 1000 mg/m2 it is - with the processing to which a plating layer front face is made 
to be equipped with a zinc oxide The solution containing one sort or two sorts or more of metal ions of 
Fe, Co, and the nickel is used, and it is this metallic element in total 10- 1000 mg/m2 The manufacture 
approach of an alloying hot-dip zinc-coated carbon steel sheet given in the above (1) characterized by 
performing processing made to adhere. 
[0017] ~ 

[Embodiment of the Invention] On the occasion of operation of this invention, the reason for having set 
the range of the gestalt and conditions and it up is explained below. 

[0018] Although cold rolled sheet steel is desirable, the hot rolled sheet steel from which the surface 
oxide film was removed is sufficient as the base material of hot dipping. After a manufacturing facility 
is generally used and performs cleaning by an alkali solution etc., it carries out reduction annealing, after 
it carries out hot dipping, performs alloying processing and manufactures an alloying hot-dip zinc- 
coated carbon steel sheet. 

[0019] The chemical composition of a plating layer contains Fe seven to 1 5% of the weight, and the 
remainder consists of Zn substantially. If Fe content in a plating layer exceeds 15 % of the weight, since 
powdering nature will deteriorate remarkably, it is not good. It is 13 or less % of the weight preferably. 
At less than 7 % of the weight, eta-Zn remains [ Fe content ] more often on a surface, and subsequent 
paintwork and weldability are not easy to become poor. 

[0020] When the diameter of average crystal grain of the Fe-Zn alloy layer of the surface section of an 
alloying hot-dip-zincing layer exceeds 5 micrometers, even if the frictional resistance between a plating 
layer and metal mold makes increase and a plating layer front face equipped with the below-mentioned 
zinc-oxide coat, the improvement effect over flaking-proof nature is not demonstrated. For this reason, 
the surface diameter of average crystal grain may be 5 micrometers or less. The diameter of average 
crystal grain is so desirable that it is small. It is possible to make the diameter of average crystal grain 
small to about 0.5 micrometers also with the usual means. 

[0021] The diameter of average crystal grain of the plating layer surface section in this invention is the 
average computed having assumed to be a diameter, when a surface Fe-Zn alloy observed and carries 
out the image processing of the part which is not mechanically crushed by the contact to the roll for 
conveyance etc. for the scale factor of 1000 times or more with a scanning electron microscope and area 
converts each diameter of crystal grain as an equivalent circle. 

[0022] an above-mentioned alloying hot-dip -zincing layer top - the amount of Zn - 100 - 1000 mg/m2 
it is ~ a zinc oxide, one sort in Fe, Co, and nickel, or two sorts or more - the sum total - 10- 
1000mg/m2 It has the coat to contain. 

[0023] Compatibility with a lubricating oil is high to a zinc oxide, increases the oil coating weight per 
unit area to it, and it has the operation make hard to produce the oil film piece in a sliding surface. The 
amount of Zn of scaling is 100 mg/m2. When not filling, the above-mentioned operation is inadequate, 
and the moldability of a plating steel plate is not improved. For this reason, the coating weight of a zinc 
oxide is 100 mg/m2 in the amount of Zn. It considers as the above. They are 200 mg/m2 preferably. It is 
above. 

[0024] The coating weight of a zinc oxide is 1000 mg/m2 at Zn. If it exceeds, the effectiveness of 
improving sliding nature will be saturated. Moreover, with an economical means, they are 1000 mg/m2. 
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Since it is difficult to make a front face equipped with a lot of oxides which exceed, zinc oxides are 
1000 mg/m2 in the amount of Zn. It considers as the following. They are 500 mg/m2 preferably. It is the 

following. _ ^ 

[0025] The class of a zinc oxide and metal made intermingled is limited to one sort in Fe, Co, and 
nickel, or two sorts or more because it is easy metals to excel in the effectiveness that these metals 
improve sliding nature, and to make it adhere on an oxide film, the coating weight of these metals - 10 
(case where they are two or more sorts - the sum total) mg/m2 When not filling, sliding nature at the 
time of metallic contact with metal mold arising cannot be improved. They are 200 mg/m2 preferably. It 
is good to consider as the above. 

[0026] The coating weight of these metals is 1000 mg/m2. If it exceeds, a metal covers all zinc oxides, 
the zinc oxide which lives together on a front face will decrease, oil retentivity will be insufficient, and it 
will become inadequate improving a moldability. In order to avoid this, metaled coating weight is 
1000mg/m2. It considers as the following. They are 700 mg/m2 preferably. It is the following. 
[0027] Zn content in a zinc oxide specifies the value which carried out detection measurement as an 
amount of Zn in a zinc oxide by making into the amount of Zn Zn oxide eluted in the with a pH often or 
more solution in the test sample with the mixed water solution of 3% of the weight or more of an 
ammonium-dichromate solution, and an aqueous ammonia solution. In the above-mentioned mixed 
solution, since chromic-acid ion acts as inhibitor to a zinc metal, Zn is not dissolved. Since metallic 
elements, such as Fe, Co, and nickel, are not dissolved with an alkaline solution, only the zinc oxide 
which exists in a front face can be dissolved alternatively. 

[0028] The gestalt of a zinc oxide is ZnO, a ZnO compound, Zn (OH)2, and Zn (OH)2. Although a 
compound etc. recognizes variety existence in a front face, it dissolves altogether into the aqueous 
ammonia solution of an ammonium-dichromate solution. In order to think that each of these oxides and 
hydroxides have oil retentivity, the amount of Zn contained in the oxide prescribes the amount of zinc 
oxides. 

[0029] The steel plate of this invention can be efficiently manufactured by the approach described 
below. After carrying out alkaline degreasing of the base material steel plate, reduction heating heated at 
600 degrees C or more in sufficient reducing atmosphere is performed. Since a base material is a non- 
annealed material of a cold rolling as, when you need annealing, it heats more than recrystallizing 
temperature and gives reduction annealing. 

[0030] The dew-point of the ambient atmosphere at the time of reduction heating (or reduction 
annealing) is good to make it the range of -60-20 degree C. Furthermore, when it is the ambient 
atmosphere whose hydrogen concentration is six to 12 volume % and whose remainder is nitrogen, it is 
desirable to hold a dew-point in the range of -40-20 degree C. After reduction heating (or reduction 
annealing), it cools to the temperature near the plating bath temperature, and alloying processing is 
carried out, after being immersed in a plating bath, pulling up and adjusting coating weight by 
approaches, such as gas wiping. 

[003 1] aluminum contained in a hot-dipping bath has the operation which controls the alloying by the 
interface at the time of hot dipping. As for aluminum content of a plating bath, it is desirable as effective 
aluminum (all aluminum weight %-totals Fe % of the weight) to consider as 0.080 % of the weight or 



more 



[0032] Since zeta phase (FeZnl3) which is an alloy phase generated in early stages of an alloying 
reaction is stable, zeta phase formed in early stages grows big and rough and the gestalt remains on a 
front face in not filling effective aluminum to 0.080% of the weight, it is difficult to make small the 
diameter of average crystal grain of a surface Fe-Zn alloy. The effective aluminum concentration of a 
plating bath is good to make 0.20 % of the weight into an upper limit. When aluminum concentration is 
raised exceeding 0.20 % of the weight, alloying is delayed and there is a possibility that productivity 
may fall. 

[0033] By controlling the conditions which carry out alloying processing, the diameter of average 
crystal grain of a surface Fe-Zn alloy is set to 5 micrometers or less. After it adjusts plating coating 
weight, this carries out rapid heating of 490 degrees C - the 550 degrees C of the steel plates which 
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became mist and low temperature from plating bath temperature to a 500 degrees C - 530 degrees C 
alloying processing temperature field more preferably, adjusts the holding time and carries out Fe 
content of a coat to 7 - 15% of the weight. 20 degrees C /or more of heating rates to alloying processing 
temperature are [ second ] 30 degrees C/second or more more preferably, and they are good to carry out 
in the range 70 degrees C [/second ] or less. 

[0034] However, the approach of making small the diameter of average crystal grain of the Fe-Zn alloy 
of a plating layer front face does not need to be limited to an above-mentioned approach. It is related 
with raising the nucleus occurrence frequency of the Fe-Zn alloy at the time of alloying. By oxidizing 
the base material front face before plating, or pretreating (reduced iron is generated at the time of 
reduction annealing, and reactivity becomes high), Fe system plating, nickel system plating, etc. to a 
base material, and activating a front face from the early stages of a Fe-Zn alloying reaction It is possible 
to carry out grain refining of the surface Fe-Zn alloy, without changing the heat pattern of alloying. 
[0035] The approach of making a zinc oxide and one or more sorts of metals of Fe, Co, and the nickel 
living together on a plating layer front face The approach to which the above-mentioned metal is made 
to adhere after performing oxidation treatment to the plating layer front face after alloying processing 
and making the zinc oxide of the specified quantity adhere to it, After making the above-mentioned 
metal of the specified quantity adhere to the plating layer after alloying processing, which approach may 
be used although there is the approach of oxidizing further the zinc or the zinc oxide which exists in a 
front face, and making the amount of zinc oxides the predetermined range. 
[0036] In the front face of the plating layer which alloying ended, the zinc-oxide coat has arisen 
spontaneously. As a zinc-oxide art for increasing the amount of zinc oxides further and making it the 
predetermined range, the approach of anodizing a steel plate in the solution of pH 4-10 is easy, and 
suitable. The processing which holds a steel plate in the 100-350-degree C oxidizing gas which consists 
a steam of mixed gas, such as saturation content **** nitrogen gas and oxygen gas, is sufficient. 
[0037] To the steel plate after alloying processing or zinc-oxide processing, it is one sort in Fe, Co, and 
nickel or two sorts or more in total 10 - 1000 mg/m2 It is made to adhere. The approach which is 
immersed about 2 to 30 seconds as the adhesion approach of these metals into the liquid which dissolved 
Fe ion, nickel ion, Co ion, etc. into the with a pH of about two to four acidic solution, and carries out 
permutation plating is advantageous in cost. 

[003 8] However, the adhesion approach of a metallic element does not need to be limited to the 
permutation galvanizing method, and can use the approaches of arbitration, such as the electroplating 
approach of carrying out electrolysis processing in processing liquid, such as an acidic solution 
containing the with pH2-a pH of about four above-mentioned metal ion, and carrying out 
electrocrystallization of the above-mentioned metallic element to the part to which the zinc oxide has 
not adhered, a part with little coating weight, etc. For controlling coating weight, the electroplating 
approach which energizes quantity of electricity of the specified quantity is desirable. 
[0039] In this invention, since a metallic element deposits into the pinhole produced in the zinc-oxide 
coat, and a part with a thin zinc-oxide coat, the surface coat with which a metallic film and a zinc-oxide 
coat'intermingle and coexist is obtained. The coexistence condition is possible by adjusting coat 
generating conditions. . . 

[0040] By the approach of this invention, as mentioned above, the metal of the specified quantity is 
made to adhere to the plating layer front face which carried out alloying processing, and zinc-oxide 
covering processing may be carried out anew after that. The oxide film art in this case is good by the 
same approach as above-mentioned one. Thereby, zinc can oxidize alternatively and metals, such as Fe, 
nickel, and Co, can make the amount of zinc oxides the predetermined range without oxidizing. 
[0041] The alloying hot-dip zinc-coated carbon steel sheet used as the base material of the steel plate of 
this invention can be easily manufactured by using a well-known general alloying hot-dip-zinc-coated- 
carbon-steel-sheet manufacturing facility. It is still easier if the facility equipped with the alloying 
furnace of an induction-heating method is used. 

[0042] , . , . n 

[Example] To a cold rolled steel plate made from the super-low carbon steel whose thickness is 0.75mm, 
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coating weight is 30 - 70 g/m2 by the hot-dipping simulator. Hot dip zincing was given. The effective 
aluminum concentration of a plating bath was 0.12 % of the weight. With the induction-heating method, 
the heating rate was changed to 10-100 degrees C/second, this galvanized steel sheet was heated at 480 
degrees C - 550 degrees C, the holding time was set as for 5 - 40 seconds, and Fe content of a plating 
layer obtained [ the diameter of average crystal grain of a surface Fe-Zn alloy ] the alloying hot-dip zinc- 
coated carbon steel sheet which is 1-10 micrometers seven to 15% of the weight. While the steel plate 
temperature of the cooling process after alloying processing was 100-350 degrees C, oxidation treatment 
in the inside of the atmospheric air which saturated the steam was performed, and the coating weight ot 
a zinc oxide was adjusted to various values. The diameter of average crystal grain of the obtained steel 
plate observed the 20 or more measurement parts plating layer front face, and asked for it as the average 
of the diameter into which the image processing of the photograph was taken and carried out by one 
2000 times the scale factor of this, and area converted each diameter of crystal grain as an equivalent 
circle 

[0043] They are current density 1-10 A/dm2 in the sulfuric-acid bath pH2-pH4, and whose temperature 
a plating bath presentation contains one or more 10-100g [ /] sorts in Fe ion, nickel ion, and Co ion 1. on 
these steel plate front faces, and are 50 degrees C. It electroplates on conditions and coating weight is 
per [ 100 ] one side - 2000 mg/m2. One or more sorts of metals of Fe, nickel, and Co were made to 

adhere. . , 

[0044] Permutation plating in which the alloying hot-dip-zinc-coated-carbon-steel-sheet sample which 
has the same chemical composition as the above and a plating layer is made immersed for 1 - 30 seconds 
during the permutation plating bath which dissolved the sulfate of nickel, Fe, and Co into the sulfuric- 
acid solution is performed, and it is a metallic element 1000 mg/m2 It was made to adhere in the 
following range. 

[0045] The coating weight of these metals was measured by the following approaches. It dissolved with 
the plating layer in the hydrochloric-acid acidic solution, nickel and Co were measured by solution 
analysis, and Fe was measured with the weight method which measures weight change of a steel plate 
before and after performing adhesion processing. 

[0046] In the ammonium-dichromate content aqueous ammonia solution, the amount of Zn of the zinc 
oxide exposed to a steel plate front face, without being covered by the metal dissolved the zinc oxide, 
and detected it as Zn. 

[0047] The following approaches estimated the sliding nature of the obtained steel plate. Drawing I is 
the perspective view showing the concept of sliding nature evaluation equipment of evaluating 
coefficient of friction of a steel plate from the shaping force at the time of carrying out bending shaping 
of the steel plate in a ditch type. Coefficient of friction measured with this equipment estimated the 
sliding nature of a steel plate. The test piece 1 is pushed against the dice side 2 in response to the force 
from the blank holder bead 4. The configuration of the push metallic ornaments 5 is a rectangular 
parallelepiped-like. It is drawn in the dice slot 3 which is groove parallel opening, a test piece 1 sliding 
between the dice side 2 and the blank holder bead 4 with descent of the push metallic ornaments 5. Since 
the insertion pressure of the push metallic ornaments 5 changes according to the sliding nature of a test 
piece, coefficient of friction of the piece of a related blank test of insertion pressure and a blank holder 

load can be measured. , , . nnn 

[0048] The dimension of a test piece 1 was made into width of face of 30mm, and die length ot 270mm, 
and the cross-section dimension of a bead was made into the hemicycle with a radius of 5mm. What was 
ground with the abrasive paper of 600# is used for the front face of the dice side 2, the blank holder bead 
4 and the push metallic ornaments 5, and it is slushing oil as lubricant in both sides of a test piece 1 Per 
one side and 2.5 g/m2 It applied and the press fit rate of the push metallic ornaments 3 was considered 
as a part for 60mm/. The blank holder load was made into four conditions of 750, 1000, 1250, and 
1500kgf, calculated the maximum of the insertion pressure of the push metallic ornaments 5 in each 
case, from the increment (dP) of a blank holder load, and the increment (dF) of the maximum load of 
push metallic-ornaments insertion pressure, calculated coefficient of friction (mu) by mu=dF / formula 
which becomes 2 dP, asked for it, and evaluated sliding nature by the following criteria according to the 
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value of mu. , 1N , , r ti rt „ 

[0049] O : mu is or less 0.24 (very good), less than [ 0:0.24 super-0.28 ] O (good), less than [ **:0.28 

super-0.32 ] ** (defect), and x:0.32** (very defect). 

The following approaches estimated the moldability of the obtained steel plate. The cupping draw trial 
which fabricates a test piece with 0.75mm [ in thickness ] and a diameter [ phi ] of 60mm in a cylinder 
using punch with an outer diameter of 34mm and 35.5mm dice of apertures was performed, the blank 
holder force (BHF) was changed, and the crack generating boundary was investigated. Tool polish: It is 
the slushing oil of 60mm a part for /and marketing in polish and shaping rate at abrasive paper #600 0.5 
g/m2 The value of BHF just before a crack occurs in the condition of having applied estimated. 
[0050] the alloying hot dip zincing which the blank holder force at the time of performing the same 
cupping draw trial as the above in the cold rolled steel plate [ finishing / annealing ] which has the same 
chemical composition as the above-mentioned alloying hot-dip zinc-coated carbon steel sheet is 
3500Kgf(s), and does not perform zinc-oxide metallurgy group adhesion processing - in the steel plate 
as it is, 2000Kgf was a boundary. For this reason, the following criteria estimated the moldability of the 
obtained plating steel plate. 

[0051] What [ ... Defect (x). ] crack generating does not produce in 3000Kgf(s) ... They are titness (O) 
and 2500 or more Kgves [ less than 3000 ] very much... Fitness (O), 2000 or more Kgves [ less than 
3000 ] ... They are a defect (**) and less than 2000 Kgves a little. Various kinds of test results were 
shown in Table 1 . 
[0052] 
[Table 1] 
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[0053] As shown in Table 1, the test numbers 1-15 which fulfill the conditions which this invention 
specifies all showed good sliding nature and a good moldability. the zinc-oxide coating weight which is 
the range desirable especially - 200 - 1000 mg/m2 and metal coating weight - 200 - 700 mg/m2 it was - 
- test numbers 2, 3, 5, and 9, and 11-13 were very good. 

[0054] On the other hand, the test numbers 21 and 22 which this invention specifies [ the diameter of 
average crystal grain of a plating layer front face ] and which were out of range, and metal coating 
weight are 10 mg/m2. The property that the test number 24 which was not filled, 28-30, etc. can creep 
was not desirable. The test numbers 25-27 with which the amount of zinc in a zinc oxide did not fill the 
range which this invention specifies, and 3 1-34 did not have a good moldability. Especially the test 
number 23 that had both few metal coating weight and amounts of Zn especially than the minimum 
which this invention specifies was not good. 
[0055] 

[Effect of the Invention] Since a sliding friction with metal mold has the surface coat which was 
excellent in the holdout of a lubricating oil few on a smooth plating layer front face, the alloying hot-dip 
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zinc-coated carbon steel sheet of this invention has the outstanding sliding nature and the outstanding 
moldability. Moreover, the steel plate of this invention can be efficiently manufactured by low cost. 
Therefore, the steel plate of this invention is very suitable for the application of the steel plate for 
automobile car bodies etc. 

[Translation done] 
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